The heating behavior of high-boiling liquids under microwave (MW) irradiation was investigated.
Introduction
The sharp debate is still going on in the scientific community concerning the existence or non-existence of non-thermal microwave (MW) effects [1] [2] [3] [4] [5] [6] . The benefits brought about by microwave irradiation some of the scientists ascribe to the totally thermal effects, arising from the dielectric heating mechanism, while the others incline towards the emergence of specific or non-thermal effects being the result of interactions between microwaves and matter, which are not directly connected to heating itself. Both groups of scientists give multiple proofs to substantiate their points of view; however, the discussion is not over yet [7, 8] .
It is known from the theory of electromagnetic irradiation and dielectric media interactions that the linear dependence of the system parameters on the wave amplitude is observed if the wave energy is lower than the system's inner one [9] .
In case when the wave energy exceeds the inner energy of the system non-linear interactions between electromagnetic field and medium occur.
In our previous investigation on the energy efficiency of microwave-assisted dehydration of orthophosphoric acid (OPA) the non-linearity in the consumed energy vs. MW power dependence was observed ( Fig. 1) [10] . 
Results and discussion
To demonstrate the influence of MW power on the energy consumption for MW heating of glycerol, PEG-400, DEG and PPA the appropriate plots were built (Fig. 2) . The non-linear behavior can be explained by that the system meets the condition when the wave energy exceeds the system's inner energy. The increments of non-linear interactions between the electromagnetic field and media result in the total energy drop (Fig. 1) . The third domain is described by a linear equation again. Presumably, it can be explained by reaching the "saturation" state, which in our case means that the input MW power is equal to or higher than the dielectric's loss power (1) 
where P is dielectric's loss power (W/cm 3 ); E is electric field strength (V/cm); f is frequency (MHz); ε´´ is dielectric loss factor equal to ε´/tgδ, in which ε´ is dielectric permittivity, and tgδ is dielectric loss tangent.
For example, resulting from equation
(1), P value for 0.2 kg of DEG (180 cm 3 ) amounts to ca 350 W, which is in a good accordance with our experimental data (Fig. 3) .
Thereby, it can be inferred that above some definite power, determined by the certain experimental conditions, no non-linear effects can progress any more. However, it should be noted that the differentiation between "low" and "high" power discussed in this paper only refer to the given experimental conditions (substance weight (0.2 kg), MW applicator model, flask geometry etc.) and the data given here cannot be directly applied to other systems without making necessary correlations.
However, it can be seen that the measure of non-linearity is not equal for different liquids, for some of them being pronounced (e.g. OPA, DEG) (Fig. 5) , while for others approximating to the linear dependence within the whole power range (e.g. glicerol) (Fig. 6) . Moreover, the differences between maximal and minimal energy consumption are not equal for different liquids either, being larger for the liquids exhibiting stronger non-linearity (cf. Fig. 3 and 3, ISSUE 1) 4). To find the explanation for the differences in Fig. 7) . 
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Experimental part
Glycerol (99 %), PEG-400 (99 %) and DEG (99 %) used in the experiment were commercially available and chemically pure.
PPA containing about 78 % of P2O5 was prepared by means of OPA dehydration [10] . 
where P is MW power (W) generated by MW oscillator during the heating; t is time required for heating (sec).
The liquid was then cooled down to the room temperature and heating procedure was repeated as described above for another power level.
Finally, for each liquid the series of heating runs was performed at different MW power levels in the range of 100 to 800 W with 50 W or 100 W step.
Each run was duplicated to ensure the repeatability of the results.
Dynamic viscosity of glycerol, PEG-400, DEG, OPA and PPA used in the experiments was measured using Reolab-QC (Anton Paar, Austria).
